Introduction {#Sec1}
============

An extension of the scalar sector of the Standard Model (SM) is possible in the context of type II seesaw models \[[@CR1]\], originally conceived to explain the smallness of the neutrino masses. In the model investigated in this paper, the scalar sector includes a hypercharge $\documentclass[12pt]{minimal}
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                \begin{document}$$\Delta $$\end{document}$, in addition to the SM scalar doublet *H* \[[@CR2], [@CR3]\]. Electroweak symmetry breaking (EWSB) is achieved if the neutral components of *H* and $\documentclass[12pt]{minimal}
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                \begin{document}$$v_{t}$$\end{document}$ respectively. After the EWSB, the mixing between these fields results in seven scalar bosons: $\documentclass[12pt]{minimal}
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                \begin{document}$$v_t $$\end{document}$ of around 1 GeV. This range is significantly lower than the electroweak scale and matches the need for small values suggested by the natural association of $\documentclass[12pt]{minimal}
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                \begin{document}$$v_t $$\end{document}$ with the neutrino masses.

The assumption of a non-zero $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$v_t $$\end{document}$, of the order of a hundred MeV, opens the possibility for the doubly charged boson to decay into a pair of same-sign *W* bosons, $\documentclass[12pt]{minimal}
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                \begin{document}$$H^{\pm \pm }\rightarrow W^\pm W^\pm $$\end{document}$, while the leptonic decays $\documentclass[12pt]{minimal}
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                \begin{document}$$H^{\pm \pm }\rightarrow \ell ^\pm \ell ^\pm $$\end{document}$ are suppressed with increasing $\documentclass[12pt]{minimal}
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                \begin{document}$$v_t $$\end{document}$ \[[@CR4], [@CR5]\]. Extensive searches for leptonic decays $\documentclass[12pt]{minimal}
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                \begin{document}$$H^{\pm \pm }\rightarrow \ell ^\pm \ell ^\pm $$\end{document}$ have been performed at various colliders \[[@CR6]--[@CR11]\], where $\documentclass[12pt]{minimal}
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                \begin{document}$$H^{\pm \pm }$$\end{document}$ bosons with masses up to about 800 GeV have been excluded. Moreover, searches for $\documentclass[12pt]{minimal}
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                \begin{document}$$H^{\pm \pm }\rightarrow W^\pm W^\pm $$\end{document}$ decays have been performed by the CMS Collaboration in the context of single $\documentclass[12pt]{minimal}
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                \begin{document}$$v_t $$\end{document}$ (of order of tens of GeV) \[[@CR12], [@CR13]\] for a model with two Higgs triplets \[[@CR14]\]. For that model, a custodial symmetry avoids large contributions to the electroweak precision observables \[[@CR15]\]. In contrast, the $\documentclass[12pt]{minimal}
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                \begin{document}$$H^{\pm \pm }\rightarrow W^\pm W^\pm $$\end{document}$ decay mode has not been directly searched for so far for small values of $\documentclass[12pt]{minimal}
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                \begin{document}$$v_t $$\end{document}$, where the vector-boson fusion is suppressed.

The present paper focuses on the phenomenology of doubly charged scalar bosons $\documentclass[12pt]{minimal}
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                \begin{document}$$H^{\pm \pm }$$\end{document}$ that can be produced in pairs at the Large Hadron Collider (LHC) and decay into *W* bosons. The triplet vacuum expectation value is taken to be $\documentclass[12pt]{minimal}
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                \begin{document}$$H^{\pm \pm }\rightarrow W^\pm W^\pm $$\end{document}$ decays are relevant, leading to final states with four *W* bosons. The mixing between the CP-even scalars is taken to be $\documentclass[12pt]{minimal}
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                \begin{document}$$10^{-4}$$\end{document}$ and the remaining five Yukawa parameters in the potential are adjusted to obtain a given $\documentclass[12pt]{minimal}
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                \begin{document}$$h^{0}$$\end{document}$ to have a mass of 125 GeV. The corresponding cross-section calculation is performed for on-shell *W* bosons, and therefore only the region $\documentclass[12pt]{minimal}
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                \begin{document}$$m_{H^{\pm \pm }} > 200$$\end{document}$ GeV is considered in the present analysis.

The four-boson final states are identified by the presence of light charged leptons (electrons or muons), missing transverse momentum, and jets. The analysis uses three final states defined according to the number of light leptons: same-sign (SS) dilepton channel ($\documentclass[12pt]{minimal}
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                \begin{document}$$4\ell $$\end{document}$). Similar final states were used for other searches for new phenomena in ATLAS \[[@CR16]--[@CR18]\]. However, the previously searched signal topologies differ significantly from those targeted in the present analysis and a dedicated event selection optimisation is therefore applied.

This paper includes a description of the experimental set-up in Sect. [2](#Sec2){ref-type="sec"}, followed by a description of the simulation used in the analysis in Sect. [3](#Sec3){ref-type="sec"}. The event selection and background estimations for the three explored signatures are described in Sect. [4](#Sec4){ref-type="sec"}. The signal region optimisation is described in Sect.  [5](#Sec10){ref-type="sec"}. The systematic uncertainties are presented in Sect. [6](#Sec11){ref-type="sec"}. The results are shown in Sect. [7](#Sec12){ref-type="sec"}, followed by the conclusions in Sect. [8](#Sec13){ref-type="sec"}.

ATLAS detector {#Sec2}
==============

The ATLAS experiment \[[@CR19]\] at the LHC is a multipurpose particle detector with a forward--backward symmetric cylindrical geometry and a near $\documentclass[12pt]{minimal}
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                \begin{document}$$4\pi $$\end{document}$ coverage in solid angle.[1](#Fn1){ref-type="fn"} It consists of an inner tracking detector surrounded by a superconducting solenoid providing a 2 T axial magnetic field, electromagnetic and hadronic calorimeters, and a muon spectrometer. The inner tracking detector, covering the pseudorapidity range $\documentclass[12pt]{minimal}
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                \begin{document}$$\sqrt{s} = 13$$\end{document}$ TeVrunning period, a newly installed innermost pixel layer, the insertable *B*-layer \[[@CR20]\]. Lead/liquid-argon (LAr) sampling calorimeters provide electromagnetic (EM) energy measurements for $\documentclass[12pt]{minimal}
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                \begin{document}$$|\eta | < 2.5$$\end{document}$ with high granularity and longitudinal segmentation. A hadronic calorimeter consisting of steel and scintillator tiles covers the central pseudorapidity range ($\documentclass[12pt]{minimal}
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                \begin{document}$$|\eta | < 1.7$$\end{document}$). The endcap and forward regions are instrumented with LAr calorimeters for EM and hadronic energy measurements up to $\documentclass[12pt]{minimal}
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                \begin{document}$$|\eta | = 4.9$$\end{document}$. The muon spectrometer surrounds the calorimeters and is based on three large air-core toroid superconducting magnets with eight coils each. It includes a system of precision tracking chambers ($\documentclass[12pt]{minimal}
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                \begin{document}$$|\eta | < 2.7$$\end{document}$) and fast detectors for triggering ($\documentclass[12pt]{minimal}
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                \begin{document}$$|\eta | < 2.4$$\end{document}$). A two-level trigger system is used to select events \[[@CR21]\]. The first-level trigger is implemented in hardware and uses a subset of the detector information to reduce the accepted rate to a design maximum of 100 kHz. This is followed by a software-based trigger with a sustained average accepted event rate of about 1 kHz.

Data and simulation {#Sec3}
===================

The data sample collected by the ATLAS Collaboration at $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\sqrt{s}=13$$\end{document}$ TeV during 2015 and 2016 was used. After the application of beam and data quality requirements, the integrated luminosity is $\documentclass[12pt]{minimal}
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Monte Carlo (MC) simulation samples were produced for signal and background processes using the full ATLAS detector simulation \[[@CR22]\] based on [Geant4]{.smallcaps} \[[@CR23]\] or, for selected smaller backgrounds and some of the signal samples, a fast simulation using a parameterisation of the calorimeter response and [Geant4]{.smallcaps} for the tracking system \[[@CR24]\]. To simulate the effects of additional *pp* collisions in the same and nearby bunch crossings (pile-up), additional interactions were generated using [Pythia]{.smallcaps}  8.186 \[[@CR25], [@CR26]\] with a set of tuned parameters for the underlying event, referred to as the A2 tune \[[@CR27]\], and the MSTW2008LO set of parton distribution functions (PDF) \[[@CR28]\], and overlaid on the simulated hard-scatter event. The simulated events were reweighted to match the distribution of the number of interactions per bunch crossing observed in the data and were reconstructed using the same procedure as for the data.
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                \begin{document}$$H^{\pm \pm }$$\end{document}$ pairs were simulated with the CalcHEP generator version 3.4 \[[@CR29]\], which is at leading order in QCD, using the Lagrangian described in Ref. \[[@CR3]\] and the PDF set CTEQ6L1 \[[@CR30], [@CR31]\]. The modelling of the parton showering and hadronisation of these events was performed using PYTHIA 8.186 \[[@CR25], [@CR26]\] with the A14 tune \[[@CR32]\]. Event samples for the process $\documentclass[12pt]{minimal}
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                \begin{document}$$m_{H^{\pm \pm }}$$\end{document}$ in the range from 200 to 700 GeV with steps of 100 GeV. The production cross-section decreases rapidly with $\documentclass[12pt]{minimal}
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                \begin{document}$$m_{H^{\pm \pm }}=700~\text {GeV}$$\end{document}$. Next-to-leading order (NLO) corrections \[[@CR33]\] in QCD were applied, which increase these cross-sections by a factor 1.25. The fast detector simulation was used for the samples corresponding to $\documentclass[12pt]{minimal}
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                \begin{document}$$Z/\gamma ^*$$\end{document}$). "Tune" refers to the underlying-event tune of the parton shower generator. "[MG5_aMC]{.smallcaps}" refers to [MadGraph5_aMC\@NLO]{.smallcaps} 2.2.1; "[Pythia]{.smallcaps} 6" refers to version 6.427; "[Pythia]{.smallcaps} 8" refers to version 8.1; "Herwig++ " refers to version 2.7. The samples have heavy flavour hadron decays modelled by [EvtGen]{.smallcaps}1.2.0 \[[@CR34]\], except for samples generated with [Sherpa]{.smallcaps}

The SM background processes were simulated using the MC event generator programs and configurations shown in Table [1](#Tab1){ref-type="table"}. The production of *VV*, *VVqq*, and *VVV* (where *V* denotes a vector boson *W* or *Z* and *qq* labels the vector-boson fusion production mechanism) was simulated with a NLO QCD matrix element computed by [Sherpa]{.smallcaps} and matched to the [Sherpa]{.smallcaps} parton shower. The main background contribution in the $\documentclass[12pt]{minimal}
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The simulated SM contributions in each of the channels considered are separated into prompt-lepton and fake-lepton contributions, depending on the source of the reconstructed leptons at generator level. The processes that contain only reconstructed charged leptons originating from prompt leptonic decays of *W* and *Z* bosons are classified as a prompt-lepton contribution, while processes with at least one of the reconstructed leptons being a misidentified hadron or photon, or a lepton from hadron decays constitute the fake-lepton contribution. The simulated events are not used to evaluate the background originating from charge-misidentified leptons for the $\documentclass[12pt]{minimal}
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Event selection and background estimates {#Sec4}
========================================

Event reconstruction {#Sec5}
--------------------

Interaction vertices originating from *pp* collisions are reconstructed using at least two tracks with transverse momentum $\documentclass[12pt]{minimal}
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Electrons are reconstructed as tracks in the inner detector matched to clusters in the electromagnetic calorimeter, within the region of pseudorapidity $\documentclass[12pt]{minimal}
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                \begin{document}$$1.37< |\eta | < 1.52$$\end{document}$) are removed. Only those electron candidates with transverse momentum greater than 10 GeVare considered. The electron identification is based on a multivariate likelihood-based discriminant that uses the shower shapes in the electromagnetic calorimeter and the associated track properties measured in the inner detector. In particular, the *loose* and *tight* identification working points, described in Ref. \[[@CR51]\], are used, providing electron identification efficiencies of approximately 95% and 78--$\documentclass[12pt]{minimal}
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                \begin{document}$$\eta $$\end{document}$), respectively. In order to reduce contributions from converted photons and hadron decays, the longitudinal impact parameter of the electron track relative to the selected event primary vertex, multiplied by the sine of the polar angle, $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$|z_{0}\sin \theta |$$\end{document}$, is required to be less than 0.5 mm. The transverse impact parameter divided by its uncertainty, $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$|d_{0}|/\sigma (d_{0})$$\end{document}$, is required to be less than five. The identification algorithm is complemented by an isolation requirement, based on the energy in a cone around the electron candidate calculated using either charged tracks or calorimetric deposits. The calorimeter- and track-based isolation criteria are applied jointly to suppress fake electrons.

Muon candidates are reconstructed by combining tracks formed in the inner detector and in the muon spectrometer, within the region of pseudorapidity $\documentclass[12pt]{minimal}
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Combining the selection criteria mentioned above, two types of lepton requirements are used for both the electrons and muons: type *T* (for *tight*) and *L* (for *loose*). The type *T* leptons are a subset of the type *L*.

Jets are reconstructed from topological clusters \[[@CR53]\] of energy deposits in the calorimeters using the anti-$\documentclass[12pt]{minimal}
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                \begin{document}$$|\eta | <2.4$$\end{document}$ must have a sizeable fraction of their tracks matched to the selected primary vertex \[[@CR56]\]. Jets containing *b*-hadrons are identified (*b*-tagged) via a multi-variate discriminant combining information from the impact parameters of displaced tracks with topological properties of secondary and tertiary decay vertices reconstructed within the jet \[[@CR57]\]. The *b*-tagging algorithm used for this search has an average efficiency of 70% to identify *b*-jets with $\documentclass[12pt]{minimal}
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To avoid object double counting, an overlap removal procedure is applied to resolve ambiguities among electrons, muons, and jets in the final state. Any electron candidate sharing an inner detector track with a muon candidate is removed. Jets within $\documentclass[12pt]{minimal}
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The missing transverse momentum, with magnitude $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$E_\text {T}^\text {miss}$$\end{document}$, is defined as the negative vector sum of the transverse momenta of all identified leptons and jets and the remaining unclustered energy of the event, which is estimated from tracks associated with the primary vertex but not assigned to any physics object \[[@CR58]\].

Event preselection {#Sec6}
------------------

Candidate events are selected using triggers that require at least one electron or one muon to pass various thresholds of $\documentclass[12pt]{minimal}
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The signal topologies studied in this search involve the presence of at least two leptons of the same charge and are classified as explained above in three mutually exclusive categories: $\documentclass[12pt]{minimal}
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The preselection requirements are summarised in Table [2](#Tab2){ref-type="table"}. The electrons (muons) are selected in the pseudorapidity range $\documentclass[12pt]{minimal}
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Further preselection requirements are based on $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$E_{\text {T}}^{\text {miss}}$$\end{document}$, the jet multiplicity $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$N_\text {jets}$$\end{document}$ and the number of jets tagged as *b*-jets $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$N_{b\text {-jet}}$$\end{document}$. Moreover, in order to reduce the background from *Z* bosons and neutral mesons decaying into same-flavour opposite-sign leptons (SFOS), the invariant mass of such lepton pairs is required to be greater than 12 (15) GeV for the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$3\ell $$\end{document}$ ($\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$4\ell $$\end{document}$) channel and to have an invariant mass that is not compatible with the *Z* boson. For the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$2\ell ^\text {ss}$$\end{document}$ channel, the *Z* boson invariant mass veto is also applied to $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$e^\pm e^\pm $$\end{document}$ events, in order to reduce the contributions originating from electron charge misidentification.

After this preselection, 562 data events are selected in the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$2\ell ^\text {ss}$$\end{document}$ channel, 392 events in the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$3\ell $$\end{document}$ channel, and 44 events in the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$4\ell $$\end{document}$ channel.Table 2The preselection criteria for the three analysis channelsSelection criteria$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$2\ell ^\text {ss}$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$3\ell $$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$4\ell $$\end{document}$TriggerAt least one lepton with $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$p_{\mathrm {T}} ^{\ell }>30$$\end{document}$ GeV that fulfils the requirements of single-lepton triggers$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$N_\ell $$\end{document}$(*L*-type, $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$p_{\mathrm {T}} >10$$\end{document}$ GeV, $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$|\eta _{\ell }|<2.47$$\end{document}$)234$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$N_\ell $$\end{document}$(*T*-type, $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$p_{\mathrm {T}} >10$$\end{document}$ GeV, $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$|\eta _{\ell }|<2.47$$\end{document}$)22 ($\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\ell _{1,2}$$\end{document}$)−$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$|\sum Q_\ell |$$\end{document}$210Lepton $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$p_{\mathrm {T}} $$\end{document}$ threshold$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$p_{\mathrm {T}} ^{\ell _1,\ell _2}>30, 20$$\end{document}$ GeV$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$p_{\mathrm {T}} ^{\ell _0,\ell _1,\ell _2}>10, 20, 20$$\end{document}$ GeV$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$p_{\mathrm {T}} ^{\ell _1,\ell _2,\ell _3,\ell _4}>10$$\end{document}$ GeV$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$E_{\text {T}}^{\text {miss}}$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$>70$$\end{document}$ GeV$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$>30$$\end{document}$ GeV$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$>30$$\end{document}$ GeV$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$N_\text {jets}$$\end{document}$ $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\ge 3$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\ge 2$$\end{document}$--*b*-jet veto$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$N_{b \text {-jet}}=0$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$N_{b \text {-jet}}=0$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$N_{b \text {-jet}}=0$$\end{document}$Low SFOS $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$m_{\ell \ell }$$\end{document}$ veto--$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$m_{\ell ^\pm \ell ^\mp }>15~\text {GeV}$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$m_{\ell ^\pm \ell ^\mp }>12~\text {GeV}$$\end{document}$*Z* boson decays veto$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$|m_{e^\pm e^\pm }-m_Z|>10~\text {GeV}$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$|m_{\ell ^\pm \ell ^\mp }-m_Z|>10~\text {GeV}$$\end{document}$The leptons are ordered by decreasing $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$p_{\mathrm {T}} $$\end{document}$ ($\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\ell _1,\ell _2,\ldots $$\end{document}$) in the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$2\ell ^\text {ss}$$\end{document}$ and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$4\ell $$\end{document}$ channels, while for the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$3\ell $$\end{document}$ channel $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\ell _1,\ell _2$$\end{document}$ denote the same-sign leptons and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\ell _0$$\end{document}$ the lepton with a charge opposite to the total lepton charge. $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$Q_\ell $$\end{document}$ denotes the charge of each lepton

Background estimate {#Sec7}
-------------------

The background processes containing only prompt selected leptons are estimated with MC simulations normalised to the most precise cross-section calculation (see Sect. [3](#Sec3){ref-type="sec"}). Further contributions originate from non-prompt and mismeasured leptons. The procedures used to estimate those contributions are described in the following.

### Charge misidentification {#Sec8}
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The misidentification rate is measured using a large data sample of dilepton events originating mainly from $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$Z\rightarrow e^+e^-$$\end{document}$ decays selected by two type *T* electrons with an invariant mass between 80 and 100 GeV. The sample contains mostly opposite-sign dileptons, with a small fraction of same-sign dileptons. The fraction of same-sign dilepton events is used to extract the charge-misidentification rate as a function of electron $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$p_{\mathrm {T}}$$\end{document}$ and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\eta $$\end{document}$. This rate is found to range between 0.02% and 10%, where large values are obtained at large rapidities where the amount of material is higher. The statistical error of this estimate is taken as systematic uncertainty of the charge misidentification rate. The background from fake leptons in both the opposite-sign and same-sign samples is estimated using sidebands around the *Z* boson mass peak. Its impact on the charge misidentification rate is about 2% and is included in the systematic uncertainty.

The background from charge misidentification in a given region is estimated using a data control sample selected with the same criteria as the nominal sample but with opposite-sign dilepton pairs, where at least one lepton is an electron, weighted by the probability that the charge of the electron(s) is misidentified.

### Fake-lepton contributions {#Sec9}

The composition of the fake-lepton background varies considerably among the analysis channels. Therefore, the methods to estimate the fake-lepton contributions are different for the $\documentclass[12pt]{minimal}
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Signal region optimisation {#Sec10}
==========================
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The analysis channels face different background contributions from the SM. The $\documentclass[12pt]{minimal}
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In order to verify the background estimate reliability for the signal region, three further checks were performed: the optimised cuts were applied individually, the cuts were applied successively, or each cut was inverted while the other cuts were applied. The agreement between data and prediction remains adequate for all those cases.Table 4The selection criteria used to define the signal regions$\documentclass[12pt]{minimal}
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Systematic uncertainties {#Sec11}
========================

The theoretical uncertainties associated with the signal prediction originate from the PDFs, the matrix element calculation and the parton shower simulation. The uncertainties related to PDFs are evaluated using the Hessian method provided in LHAPDF6 \[[@CR60]\] and are found to be in the range from 2.5% to 4.5%. The uncertainty of the parton shower simulation is assessed by comparing PYTHIA (with A14 tune) and Herwig++ (with UEEE5 tune \[[@CR61]\]), and is found to be 2.4%, 1.7%, and 3.8% for the $\documentclass[12pt]{minimal}
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The experimental uncertainties arise from the accuracy of the detector simulation and from the uncertainties associated with the data-driven methods that are used to estimate the instrumental backgrounds. These uncertainties originate from the following sources:The uncertainties related to event reconstruction include the lepton \[[@CR52], [@CR65]\] and the jet \[[@CR66]\] energy scales and resolutions and the uncertainties in the reconstruction of $\documentclass[12pt]{minimal}
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Results {#Sec12}
=======

The expected and observed event yields in the signal regions are shown in Fig. [4](#Fig4){ref-type="fig"} and Table [5](#Tab5){ref-type="table"}. For a $\documentclass[12pt]{minimal}
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The statistical analysis of the results is based on a likelihood ratio test \[[@CR68]\] using the CL$\documentclass[12pt]{minimal}
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A search for the pair production of doubly charged Higgs scalar bosons with subsequent decays into *W* bosons is performed in proton--proton collisions at a centre-of-mass energy of 13 TeV. The data sample was collected by the ATLAS experiment at the LHC and corresponds to an integrated luminosity of $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$36.1\, \hbox {fb}^{-1}$$\end{document}$. The search for the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$H^{\pm \pm } \rightarrow W^{\pm } W^{\pm }$$\end{document}$ decay mode, not considered in previous analyses at colliders, is motivated by a model with an extended scalar sector that includes a triplet in addition to the Standard Model scalar doublet. The analysis proceeds through the selection of multi-lepton events in three channels (a pair of same-sign leptons, three leptons and four leptons) with missing transverse momentum and jets. The signal region is optimised as a function of the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$H^{\pm \pm }$$\end{document}$ mass. The data are found to be in good agreement with the Standard Model predictions for all channels investigated. Combining those channels, the model considered is excluded at 95% confidence level for $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$H^{\pm \pm }$$\end{document}$ boson masses between 200 and 220 GeV.

ATLAS uses a right-handed coordinate system with its origin at the nominal interaction point (IP) in the centre of the detector and the *z*-axis along the beam pipe. The *x*-axis points from the IP to the centre of the LHC ring, and the *y*-axis points upwards. Cylindrical coordinates $\documentclass[12pt]{minimal}
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